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DECLARATION OF J. GREGOR SUTCLIFFE. LUIS DE LECEA. 
STEVEN J. HENRIKSEN. AND GEORGE R. SIGGINS UNDER 37 C.F.R. § 1 .131 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

We, J. Gregor Sutcliffe, Luis De Lecea, Steven J. Henriksen, and George R. 
Siggens, hereby declare that: 

1 . We are inventors in the above identified application. 

2. We conceived and reduced to practice the invention claimed in the above 
identified application in the United States prior to March 6, 1997. 
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3. We isoli d and purified mammalian cortistf \ namely rat, mouse, and 
human cortistatin, and genes encoding the mammalian cortistatin, prior to March 6, 1997 

4. On information and belief, acting on our direction, Patricia E. Danielson 
and Pamela E. Foye, technicians for The Scripps Research Institute, the present assignee 
of the parent application for the above identified application, Serial No. 08/648,322, 
isolated fragments of the human cortistatin coding sequence using degenerate primers 
from rat sequences, made probes and screened a human whole brain cDNA library with 
the probes, and thereby isolated and purified DNA clones encoding .human cortistatin, and 
made laboratory note book entries describing this work. Copies of the notebook entries 
of Patricia E. Danielson and Pamela E. Foye are attached hereto as Exhibit A, with the 
dates on the documents redacted. 

5. On information and belief, and on first hand knowledge on the part of J. 
Gregor Sutcliffe, on a date prior to March 6, 1997, J. Gregor Sutcliffe sent a letter to 
William Schmonsees, who is outside patent counsel for The Scripps Research Institute, 
with a manuscript disclosing the invention. A copy of the letter and accompanying 
manuscript are attached hereto as Exhibit B, with the dates on the documents redacted. 

6. The manuscript discloses the claimed isolated and purified mammalian, and 
specifically rat, mouse, and human, cortistatin, and genes encoding the mammalian 
cortistatin. 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
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these statements were, ,ide with the knowledge that willfiit !lse statements and the like 
so made are punishable by fine or imprisonment or both, under Section 1001 of Title 18 
of the United States Code, and that such false statements may jeopardize the validity of 
the above identified application or any patent issued thereon. 
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Abstract 

Cortistatin is a 14 residue putative neuropeptide with strong structural similarity to 
somatostatin and is expressed predominantly in cortical GABAergic interneurons of rats. 
- — . Administration of cortistatin into the brain ventricles specifically enhances slow wave 
sleep, presumably by antagonizing the effects of acetylcholine on cortical excitability. 
Here we report the cDNA cloning of the mRNAs encoding mouse and human 
preprocortistatin and the mRNA distribution and gene mapping of mouse cortistatin. 
Analysis of the nucleotide and predicted amino acid sequences from rat and mouse 
reveals that the 14 C-terminal residues of preprocortistatin, which is the sequence that is 
most similar to somatostatin, are conserved between species. Lack of conservation of 
other dibasic amino acid residues whose cleavage by prohormone convertases would give 
rise to additional peptides suggests that eortistatinl4 is the only active peptide derived 
from the precursor. As in the rat, mouse preprocortistatin mRNA is present in 
GABAergic interneurons in the cerebral cortex and hippocampus. The preprocortistatin 
gene maps to mouse Chromosome 4, in a region showing conserved synteny with human 
lp36. The human putative cortistatin peptide has an arginine for lysine substitution 
compared to the rat and mouse products, and is N-terminally extended by three amino 
acids. 
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Introduction 



We recently isolated a cDNA rlr»«*» ~e *u 

residue protein who^ am i« 9 112 ~ 

whose ™ actd seauence suggests tha, is the p Utative Qf 

-a, secreted neuropeptide (,). Maturation of the ra, preoros ■ 

29-residue peptide frCS™ ♦ r generate a 

P P lIde (rCST29), at a Lys-Lys site to give rise to a 14 a • 
or^Ti^ , 14 ammo ac id peptide 

(rCST14), also called cortistatin or at h„*u •* Peptide 

b ° th S,t6S t0 * enerate «>ot h CST14 and a 13- 
res,due peptide (Fig 1). rCST14 shareg 

or its 14 residues with 

SO matOStatin , lncluding thMe 

for somatostatin bindino to t, "sponsible 

— are likely to re z th ; receptors (2) and the — 

species is unrelated to k ° y0liC - 13 " reSid - 

elated to known proteins . Preprocorttstatin mRNA is 

~ fa ^«^ofi» tera eu romintheralcerebralco 

areas of the brain thought to h, • !»PPocanip„s, 

fences o f ^ ^ ^ ^ » ^ 

- rly th ~r ati : and — — te 

ey are the products of separate genes. 
Synthetic rcsT14 w*«= ok 

With soatatostat n 1 1 d ^ "~ WOl ° 9iCal 
guitar, oe lls In b — "atin receptors on ^ 

Y ceils, xnhibxted the vip- and TRH . , ^ 
of camp in those cells and . induced accumulation 

d de P re ssed neuronal activity • 
hxppocampal neuron q ^ activity in 

neurons, probably by enhancing the D ot a «« • 
— t ( l). However, the ejects of cortistat 

electrical activity and sleep were dist " C ° rtiCal 

P were distinct from those found for 



somatostatin, mtracerebroventricular administration of synthetic 
rCST14 specifically enhanced the amount of time that the animals 
spent in slow wave sleep but did not affect significantly their 
paradoxical (REM) sleep. Moreover, rc S T14 was shown to 
antagonize the effects of acetylcholine on cortical measures of 
excitability, whereas somatostatin is known to enhance 
acetylcholine release and potentiate acetylcholine responses (1, 
These observations demonstrated that cortistatin is functionally 
distinct from somatostatin and raised the possibility that 
cortistatin exerts its activities through an uncharacterized 
cortistatin-selective receptor, although other explanations of different 
functionalities can be considered. 



To gain information on the conservation of the putative processed neuropeptides we 
have isolated cDNA clones encoding mouse and human preprocorfstatin. We 
demonstrate thai the amino acid sequence of the active cottistatin-M peptide is fully 
conserved in mouse. Utck of sequence conservation for the 13-residue peptide suggests 
that i, may not be an active proteolytic product of preprocortistatin. In addition, we have 
mapped the gene to mouse chromosome 4, in a region syntenic to human chromosome 
1 P 36. The human putative cortistatin peptide has an arginine for lysine substitution 
compared to the rat and mouse produce, and is N-,enninall y extended by three amino 
acids. 



Results 



Analysis of mouse prenrocortistati,. nfjA .- 11 , rnrr 

We previously reported the isolation of a rat cDNA clone whose nucleotide sequence 
suggested that it encoded the precursor of co„ is «atin, a peptide with sequence simflarit, 
to somatostatin. Preprocortislatin begins with a 27-residue apparent secretion signal 
sequence. Interestingly, this region contains six iterations of the trinucleotide CTG, 
whose triple, expansion in other genes has been implicated as causa] in neurologic!, 
diseases (e.g. myotonic dystrophy) (3). Tie ra, preprocortistatin deduced amino acid 
sequence contains several paire of basic residues mat are possible substrates of 
prohormone converts. Cleavage a, all basic amino acids pairs would give rise to 
rCST17 (with a putative amidation site), rCSTSl, rCST29, rCST13 and rCST14 (Fig. 1). 
Alternative or partial cleavage could produce additional peptide products. rCST14 may 
be further processed by carboxypeptidases tha, would remove its C-termina. .ysine. 

We used me full- lengtt ra. cDNA clone ,„ screen a mouse cerebrai cortex cDNA 
library (generously provided by Dr. K. Hasel). Several positive Cones were isolated and 
their nucleotide sequences detennined. Two cDNA clones, 430 bp long, appeared to be 
full-length as judged by the alignment of their 5" ends with ,he ra, sequence (not shown). 
After introduction of two gaps, the mouse and rat nucleotide sequences were 86% 
identical (Fig 2A). Assuming tha, the putative mouse translation initiation produc, begins 
a. ,he second methionine triple,, i, contains log amino acids compared ,o 112 for ra,. 
Again, after Production of two gaps, ,he pu,ative ra, and mouse proteins share 82% 
identic (Fig 2B). Tie mouse nucleotide sequence corresponding to rCSTH and the 
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adjacent lysine doublet that putatively serves as its site of proteolytic release from its 
precursor were identical to same region in the rat sequence, thus supporting a functional 
conservation of the mature peptide. The DNA sequence upstream from the processing 
site of mCST14 showed several points of divergence, including some resulting in non- 
conservative amino acid substitutions. Two of these differences obliterate pairs of basic 
residues (Fig 1, 2B), suggesting that CST14 is the only active peptide processed from 
both the rat and mouse precursors. 

Cloning of human p reprocortistatin 

To isolate a DNA clone encoding human preprocortistatin we used a combination of 
PCR and conventional screening techniques. We isolated a 120 bp fragment of the 
human coding sequence by PCR using degenerate primers from the mouse and rat 
sequences. The nucleotide sequence of this fragment was compared to the EST database 
and one sequence was found with significant similarity to cortistatin, although several 
gaps were required for alignment. We then designed primers to amplify a 250 nucleotide 
fragment that was used as a probe to screen a human whole brain cDNA library. From 
several rounds of screening we isolated two cDNA clones, 450 and 270 nucleotides in 
length and the sequence from the longest was determined. 

The human nucleotide sequence (Fig 2A) showed a much lower degree of identity to 
the rat sequence (71%). The human preprocortistatin deduced amino acid sequence (Fig 
2B) has 114 residues and begins with a 29- amino acid hydrophobic probable secretory 
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signal sequence. The sequence corresponding to the putative signal peptide of 
preprocortistatin contains only four iterations of CTG encoding the amino acid leucine, 
in contrast to six iterations of the same triplet in the rat peptide precursor or three in 
mouse, suggesting that this sequence is unstable and subject to expansion. Analysis of the 
putative processing sites in human preprocortistatin revealed that it may be cleaved at 
two RR sites, giving rise to hCST29 and a C-terminal seventeen residue peptide that 
shared 13 of the last 14 residues with rat and mouse CST14, here called hCST17. The 
Lys-Lys pair that lies just N-terminal to cortistatin-14 in rat and mouse is not conserved 
in the human sequence. The other possible products that follow the signal sequence 
(hCST21 and hCST31) are not very conserved across species, although rCST31 and 
hCST31 share 13 residues clustered in their N-terminal regions that are conserved among 
the rat, mouse and human prohormone sequences (Fig 2B). 

mRNA expression 

We determined the distribution of preprocortistatin mRNA by Northern blot. A band of 
approximately 600 nucleotides was detected in samples prepared from rat brain, cortex 
and hippocampus, but not pancreas or gut (Fig 3) or adrenal gland, liver, spleen, thymus, 
ovary, testes, anterior pituitary (not shown). This pattern of expression is clearly distinct 
from somatostatin mRNA, which is present in several endocrine tissues. Hybridization to 
northern blots of mouse tissues revealed the presence of two bands in brain but not liver, 
kidney or thymus. Two bands were also observed in the human brain sample. These 
bands are probably due to alternate polyadenylation signals, found to be present in 
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mouse genomic clones (LdL, unpublished observations) and in human cDNA clones. 

We previously reported that rat cortistatin is expressed in a subset of cortical and 
hippocampal GABAergic interneurons. To determine whether the expression of 
cortistatin was conserved between species, we performed in situ hybridization with mouse 
brain tissue (Fig 4). As in the rat, cortistatin positive neurons were enriched in the 
cerebral cortex and hippocampus. In the temporal/visual cortex, cortistatin positive 
neurons were especially abundant in layer VI, with very few scattered cells present in 
layer II-III (Fig 4. A,B). In the hippocampus, preprocortistatin mRNA could be 
visualized in the stratum oriens of the CA1-CA3 fields, as well as in a few neurons 
adjacent to the granule cell layer of the dentate gyrus. The hilar region was totally devoid 
of preprocortistatin expressing cells. Strong signals could also be detected in the 
amygdala, especially in the medial amygdaloid nucleus (Fig.4C). In the hypothalamus, 
preprocortistatin mRNA was detected in a few cells in the periventricular nucleus. 

Chromosomal mapping of mouse cortistatin 

We mapped the cortistatin gene (gene symbol, Cort) by single-strand conformation 
polymorphism (SSCP) analysis of a panel of interspecific backcross mouse DNAs. We 
designed primers that spanned the 3* coding/3' untranslated sequence of mouse 
cortistatin cDNA and amplified the corresponding 107 bp genomic fragment from 
C57BL/6J (B6) and a strain inbred from wild-derived Mus spretus (SPRET/Ei). 
Representative PCR fragments were sequenced to confirm their identity. A clear 



polymorphism was found which distinguished the two strains. To determine linkage the 
segregation pattern of the B6 allele was followed in subpanel of 54 (B6 x SPRET) Fl X 
SPRET backcross offspring and compared to that of over 2500 genes previously mapped 
on the panel. The mouse cortistatin locus was found to lie on distal Chromosome 4 - in 
contrast with the somatostatin gene which maps to Chromosome 16 (4) - and was non- 
recombinant with the Mtfhr locus (LOD 16.3; Figure 5). Neurological mutations that are 
known to reside in this region include Wallerian degeneration (Wld) and jerker (je). A 
quantitative trait locus for beta-carboline induced seizures has also been mapped in this 
region (5). This telomeric region of mouse Chr 4 show strong conserved synteny with 
human chromosome lp36 (6), but we have not identified human neurological disorders 
mapping to this region for which Cort would be a compelling candidate. 

Discussion 

We have described the cloning of the mouse and human homologues of the 
neuropeptide cortistatin mRNAs and mRNA distribution and gene mapping of mouse 
preprocortistatin. Analysis of the nucleotide and predicted amino acid sequences from rat 
and mouse reveals that the 14 C-terminal residues of preprocortistatin, which is the 
sequence that is most similar to somatostatin, are conserved between these species, 
whereas the mono or dibasic amino acid residues whose cleavage by prohormone 
convertases would give rise to additional peptides are not conserved. 

From the known members of the family of precursor convertases only furin, PCI and 
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PC2 are expressed at significant levels in neurons (7). Furin normally cleaves precursors 
entering the constitutive pathway and has strong substrate specificity. In general, the 
available cleavage specificity data demonstrate that both PCI and PC2 prohormone 
convertases cleave precursors at single and pairs of basic residues and that the four 
combinations KR RR, RK and KK are possible cleavage sites for these enzymes (7). In 
the mouse preprocortistatin cDNA sequence, the only processing site that is conserved 
with rat is the one that gives rise to CST14. Interestingly, the arginine from the KR site 
that would produce CST29 in rat, is substituted by a serine in mouse, generating a KS 
sequence, a very unlikely substrate for convertases. Even though the KK site is not a 
preferred substrate for PCI or PC2, there are examples in the literature of such cleavage, 
especially in cells of neural origin. For example, PCI has been shown to cleave human 
proenkephalin at a Lys-Lys site (8). Also, /3-endorphin can be efficiently cleaved at its 
Lys^-Lys 29 site in arcuate hypothalamic neurons, generating a potent endogeous opioid 
antagonist (9). Furthermore, the KK site in the N-terminus of beta-melanin stimulating 
hormone (0-MSH) can be generated from proopiomelanocortin (POMC) by PC2 
cleavage in the intermediate lobe of the pituitary (10). 

Analysis of human preprocortistatin processing sites shows relative conservation with the 
rat sites and, noteworthy, the presence of a RR site that would give rise to a 17-residue 
peptide that contains the active cortistatin 14 sequence with one conservative 
substitution. This suggests that the critical amino acids for cortistatin function reside in 
the loop formed by the two cysteines and possibly, in the N-terminal proline and C- 
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terminal lysine, although the latter may be processed by carboxypeptidases in the 
secretory pathway (11). We cannot rule out the possibility that the human CST species is 
further processed at a single R site, to generate CST14 with an additional N-terminal 
methionine substitution. 

Recently, a second vertebrate somatostatin gene has been reported in the frog Rana 
ridibunda (12). Frog somatostatin II has two amino acid substitutions relative to 
somatostatin I: a Pro at position 2 and a Met in position 13. Thus, the N-terminal 
proline residue may be critical for the specific actions of somatostatin II in frog and 
cortistatin in rat, mouse and human. However, somatostatin II is an unlikely 
predecessor of cortistatin, as the nucleotide and amino acid sequences of the precursors 
are quite divergent. As during the evolution of tetrapods several gene duplications may 
have occurred, the existence of more members of the somatostatin/cortistatin family in 
mammals cannot be ruled out. 

Analysis of mouse preprocortistatin mRNA expression showed an overall coincidence 
with the pattern described in rat. However, mouse preprocortistatin mRNA seems less 
abundant than its rat counterpart, as judged by northern blot and in situ hybridization. In 
the mouse visual cortex, cortistatin-positive cells were abundant only in the deep layers 
whereas in rat, cortistatin signals covered the entire thickness of the cortex. Also, we 
could detect some cortistatin-positive cells in the mouse periventricular hypothalamic 
area and in the amygdala, regions that were negative in the rat. Small differences in the 
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expression of neuropeptides between species have been reported for galanin and other 
neuropeptides (13, 14), although the functional implications are unknown. 

The rat DNA sequence for preprocortistatin contains six repetitions of the trinucleotide 
CTG in the region corresponding to its putative signal peptide, wherease the mouse 
sequence contains three and the human displays four iterations of the same triplet. The 
instability of CXG repeats has been shown to be responsible for several neurological 
diseases in humans as well as in mouse models. Expansion of the CTG repeat of 
cortistatin would likely impair its processing into a mature, active peptide. Alternatively, 
an expanded poly-leucine stretch could produce gain-of-function mutations. 

Materials and Methods 

DNA cloning and sequencing 

A mouse (C57BI76J) cortex DNA library (kindly provided by K. Hasel) was screened 
with the full-length rat cortistatin DNA. Replica filters containing 1.5x 10 s colonies (30 
plates of 5000 each) were washed at moderate stringency (lxSSC 68° C). After several 
rounds of screening we isolated five positive clones and the sequence of the longest was 
determined by the dideoxy chain termination method. Human preprocortistatin cDNA 
was amplified by PCR using primers to the C-terminal sequence of cortistatin. The PCR 
fragment was cloned, random prime labeled and used to screen a cDNA library prepared 
from human whole brain mRNA (Clontech). 
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Northern blot 

Cytoplasmic poly A -I- RNA was isolated from rat and mouse brains as described (15). 
Two micrograms of polyA + RNA from rat, mouse and human (Clontech) samples were 
run on formaldehyde agarose gels and transferred to nylon filters as described (16). 
Mouse or human cDNA probes were labeled with 32 P and random primers. 

In situ hybridization . 

C57BL/6J mice were perfused with 4% paraformaldehyde and processed for in situ 
hybridization as described (17). Free floating sections were hybridized with 10 7 cpm/ml of 
labeled cortistatin probe, and washed at 60°C in 0.5xSSC/50% formamide for 3 h. After 
mounting, slides were dipped in Ilford K5 emulsion diluted in water, and exposed for 3 
weeks at 4°C. Slides were developed in Kodak D19, counterstained, and mounted in 
Permount. 

Chromosomal mapp ing. 

The oligonucleotides for mapping Cort by SSCP were : 5'- 

AAAAAGCCCTGCAAGAACTT-3 ' ; and 5 '- ATTCAGGTCTCGTTGGCATC-3 ' . The 
PCR conditions have been described previously (18) except that a^P-dCTP was 
incorporated into the reaction. PCR product was denatured, then quick cooled on ice 
and electrophoresed for 4 hr in a 0.5% MDE gel (AT Biochem, Inc) at 4'C. The gel 
was exposed to X-ray film overnight. Linkage data were analyzed using latest version of 
the computer program MapManager (19) which can be obtained on the web 
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(http://mcbio.med.buffalo.edu/mapnigr.html). The sequence of the Cort PCR product 
was determined by the dideoxy method using CortlF and CortlR primers. 
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Figure legends 

Figure 1. Schematic drawing (not to scale) showing the structure of the rat, mouse and 
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human cDNAs encoding preprocortistatin and putatively processed fragments. The 
putative cleavage sites by prohormone convertases have been indicated (RR, KR, KK 
and RK). Putative products are labeled by species (r, m, h) and predicted amino acid 
length in the absence of further processing (e.g. rCST14). 

Figure 2. A. Alignment of the nucleotide sequences of rat, mouse and human 
preprocortistatin cDNAs. The human sequence is a composite from different PCR 
fragments and cDNA clones, including one that showed a deletion in the coding 
sequence and an additional 3' polyadenylation signal. The CTG repeat that encodes the 
amino acid leucine, and that is of variable length between species has been underlined. 
The two possible polyadenylation signals are marked with an asterisk. Nucleotides 
conserved among all three species are shown uppercase; otherwise, lowercase. B. 
Alignment of the deduced amino acid sequences of the rat, mouse and human cortistatin 
precursors. The putative dibasic cleavage sites are indicated in bold. Consensus residues 
are indicated. C. Comparison of the amino acid sequences and predicted secondary 
structures of rat, mouse and human cortistatin and somatostatin from frog and mammals. 

Figure 3. Northern blots of RNA samples from rat whole brain, cortex, hippocampus, 
gut, pancreas, mouse brain, liver, kidney. The blots were hybridized with the rat 
cortistatin cDNA and with a cyclophilin probe (20; not shown) as a control for loading 
and RNA integrity. A separate northern blot containing an mRNA sample from whole 
human brain was hybridized with the human preprocortistatin cDNA sequence. In short 
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exposures both the mouse and human samples displayed two bands, pobably generated 
by alternative polyadenylation signals. 

Figure 4. In situ hybridization in mouse brain. A.- Dark field micrograph of a section 
through the mouse cortex. Note the presence of scattered cells in the deep layers of the 
neocortex and hippocampal CA1 field (arrows). B.- High magnification of a cortistatin 
positive cell in layer VI. C. Dark field image of the mouse amygdala hybridized with a 
cortistatin riboprobe. The amygdala and several regions of the hypothalamus (not shown) 
showed stronger signals in the mouse compared to the rat. 

Figure 5. Chromosomal mapping of mouse cortistatin. Genetic map of the mid-distal 
portion of mouse Chromosome 4 showing selected markers typed on the interspecific 
backcross on the right, and map distances between them, in cM, on the left. The marker 
D4Birl is the nearest published marker on this cross to the Chr 4 telomere. Genotype 
data and citations for these markers can be found on The Jackson Laboratory WWW 
home page http://www.jax.org. 
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